Juvenile myelomonocytic leukemia (JMML) is a rare disorder 3q has been already found in a previously reported case, ing these chromosomal regions.
procedure (QFQ). The patient finally developed an acute undifferentiated leukemia and leukemic cells that arose during blast crisis still harbored the same chromosome rearrangeIntroduction ment. 16 Fluorescence in situ hybridization (FISH) experiments, using Juvenile myelomonocytic leukemia (JMML) is a rare myeloeither biotinylated whole chromosome-specific probes for proliferative disorder of early childhood, characterized by chromosomes 3, 7, 9, 12 and 13 or biotinylated cosmid and elevated levels of fetal hemoglobin, moderate leukocytosis YAC probes, were performed essentially as described. 17 with prominent monocytosis, thrombocytopenia, hepatosProbes were labeled with biotin-16-dUTP (Boehringer plenomegaly. 1 Peculiar is the ability of bone marrow (BM) Mannheim, Mannheim, Germany) and detected by FITC-conprogenitors from JMML patients to grow in vitro in the absence jugated avidin (Vector Laboratories, Burlingame, CA, USA). of added growth factors. This 'spontaneous' proliferation has The chromosomes were counterstained by propidium iodide. been ascribed to their peculiar hypersensitivity to low levels For chromosome 3q we used both a 3q telomere-specific of endogenous cytokines, such as interleukin-1 (IL-1), tumor probe (cosmid B35cl) 18 and a series of YACs spanning the necrosis factor alpha (TNF-␣) and granulocyte-macrophage chromosome bands 3q26-3q21, ie 14EE12, 19 TF, 807g5, colony-stimulating factor (GM-CSF).
2-4 Recently, RAS point 929a11, 1551-8 (from telomere to centromere). Yac 807g5 mutations or, alternatively, NF1 gene loss, have been associaresulted in being chimeric, hybridizing to the chromosome ted with JMML and suggested to be functionally equivalent, 3q and chromosome 6p. For chromosome 12p we used the inducing myeloproliferation through a RAS-mediated hyperfollowing YACs spanning the chromosome bands 12p12-sensitivity to GM-CSF. 5, 6 So far, no recurrent karyotype alter12p13: 964c10, 946h4, 854e6, 968f7, 922c8 (from centroation has been associated with JMML, with the exception of mere to telomere) ( Figure 1 ). monosomy 7 or aberrations involving chromosome 7. Here we report a JMML case, where leukemic cells harbored a der(12)t(3;12), resulting in the addition of Results and discussion 3q21 → 3qter, as the sole anomaly. It is noteworthy that the breakpoints of this rearrangement involve chromosome regions on 3q and 12p that have been previously found to be Although cytogenetic analysis revealed a marker chromosome targeted by a number of chromosome mutations associated add(12)(p12 ෂ 13), we could not identify the origin of chromowith leukemias. [8] [9] [10] [11] [12] Furthermore, despite the fact that karyosome regions added to 12p, based on conventional banding type alterations are rare in JMML, a similar partial trisomy of techniques. Therefore FISH, by painting chromosomes for those more likely to be involved in the generation of the marker chromosome, was performed (data not shown). Based on these findings we could identify that the marker chromo-
Correspondence: E Privitera, Dipartimento di Genetica e di Biologia some originates from a translocation 3;12, probably followed junction of the normal chromosome 3. By using a 3q telo- mere-specific probe (cosmid B35cl), we showed that the der(12) harbored a 3q region (Figure 2a) .
To define the breakpoint region, we performed FISH analy- analysis of BM metaphases revealed the presence of similar bright signals both on normal 12 and on der(12), indicating that the breakpoint was telomeric to ETV6 (data not shown). 3q21 → 3qter. Similarly, in the previously reported JMML case, a partial trisomy of 3q was achieved by leukemic cells FISH analysis using YACs from more telomeric 12p regions gave similar results, as well as the hybridization with YAC through the translocation of 3q13 → 3qter to the telomeric region of chromosome 15. 13 The analogy between the karyo922c8, that is reported to be the most telomeric 21 ( Figure 2b ). These findings suggest that the derivative chromosome 12 type abnormalities in these two JMML cases suggests the hypothesis that the presence of a duplicated gene/s on may have maintained nearly all the chromosome 12 material (Figure 1 ). 3q21 → 3qter may represent one of the alterations involved in JMML development. The loss of heterozygosity (LOH) of Similarly, we used probes from chromosome 3q, starting with the YAC 14EE12 containing the EVI-1 gene at band some gene (genes) on 3p, being possible only in the presence of a duplication of normal chromosome 3, can be considered 3q26. 24 The breakpoint on 3q resulted centromeric to EVI-1, and by progressively moving towards the centromere, we as an alternative mechanism. The abnormal expression of the EVI-1 gene has been assonarrowed the breakpoint region to the interval between YACs 929a11 and 807g5, bands 3q21-22 (Figure 1) . ciated with blast crisis of CML, AMLs and myelodysplastic syndromes [25] [26] [27] [28] and we showed that EVI-1 is maintained on Finally the karyotype of the leukemic cells from our JMML patient was revised as 46,XX,der(12)t(3;12)(q21 ෂ 22;p13.33).
der(12). Nevertheless, the analysis of the EVI-1 expression pattern in a series of JMML patients, including the one reported Due to the very telomeric breakpoint on 12p, the karyotype alteration may be consistent with the net addition of here (manuscript in preparation), did not show a differential case of juvenile chronic myelomonocytic leukemia. Cancer Genet Cytogenet 1993; 71: 67-70. 14 Massaad L, Prieur M, Leonard C, Dutrllaux B. Biclonal chromosome evolution of chronic myelomonocytic leukemia in a child.
